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Widdowson, E. M., and McCance, R. A. (1970) . Archives of Disease in Childhood, 45, 547. Use of random specimens of urine to compare the dietary intakes of African and British Children. Specimens of urine were obtained during the forenoon from 45 Ugandan and 45 British boys and girls below 4 years of age who were attending clinics for healthy children.
By employing known facts about the excretion of creatinine, and by making certain assumptions, it was possible to obtain a surprising amount of information about the nature of the food consumed. This agreed well with what was already known about it.
The method has distinct possibilities and could be made more quantitative by using a reference group about which more was known.
It is acknowledged to be next to impossible at present to make any quantitative study of the foods taken in their own homes by children in the developing countries. It is equally difficult to collect 24-hour specimens of urine; yet, if this could be done, the end products of metabolism could at least be compared with those passed by a group of (say) British children-and this could be very informative. The one collection which it is reasonably easy to make is that of the casual (random) sample of urine, and, with the object of trying to find out what can be learned from this, it was decided to use the output of creatinine for getting at the approximate 24-hour excretions of other urinary constituents. This method is described, and some of the results obtained by it in 45 Ugandan and 45 British children of a similar age are presented. Excretions of nitrogen, urea, sodium, potassium, calcium, magnesium, and phosphorus have been estimated, and the total osmolar concentrations of the urine have been measured.
The original object of the study was to find out something about the excretions and, by inference, the intakes of calcium by the African children, and to explor_ the possibility that there might be some hidden source of the element in the children's environment which enabled them to calcify their bones as satisfactorily as they appeared to do. No hidden source of calcium was in fact discovered and, Received 27 January 1970. since the excretion of calcium in the urine is not such a good measure of intake as, say, the excretion of potassium is, the method, as applied to calcium, has. probably got less quantitative value than it has for some of the other substances which might be investigated.
Material and Methods
The children in Uganda were attending a clinic at Namulonge, about 15 miles from Kampala. 15 of the children less than 1 year old were entirely breast fed. The other 3 were being given supplementary foods from the M.R.C. Unit. Above the age of about 1 year the only milk most of the African children received, apart from any breast milk the mother may have been able to provide, was a very small amount of cow's milk in the sweet tea which is so popular in the area. This probably did not amount to more than 30-50 ml./day, and some children got none at all. 3, however, were being supplied with supplements of dried cow's milk by the M.R.C. Unit. It was estimated by an independent observer that the calcium intakes of a group of such children on their home diets might be of the order of 95 mg. calcium/day without supplementary foods and 350 to 500 with supplementary foods supplied by the Unit. The households were living mainly on the staple food of that area, the green plantain banana known as matooke. The toddlers in such households usually get an early morning meal of food left from the night before, sometimes with sweet tea. The midday meal, and usually the evening meal, consist of the staple- The British children had mostly been brought to infant welfare clinics in Cambridge and were all being reared on some form of cow's milk and infant cereals, and other foods as they grew older.
From the results of Daniels and Hejinian (1929) , Marples and Levine (1936), and Steams et al. (1958) it was estimated that the average excretion of creatinine by children less than 1 year old is about 110 IAM/kg. per 24 hr., for children between 1 and 2 years 120 jiM, for those aged 2-3 years 130 jLM, and 3-5 years 140 ,uM. The excretion of creatinine by African children living in the Kampala area of Uganda is also of this order (R. G. Whitehead, personal communication 1969 Results Fig. 1 shows the body weights of the children. Even before 1 year of age the weights of the African children began to fall behind. This is a wellrecognized phenomenon in children in the developing countries and has been frequently reported (see McCance, 1970) . The children now being described did not in fact fall so badly behind as those in many other communities have been shown to do, and might almost be compared with those studied by Rutishauser (1965) with those to be expected from the osmolar concentrations. The correlation coefficient between log urine volume and osmolar concentration was -0-8141 for the African children, -0-9767 for the Cambridge children, and -0-7995 for all together. The 4 largest and 4 smallest volumes were omitted for physiological reasons in making this calculation, because the limit to the diluting and concentrating capacity of the children's kidneys appeared to have been reached. Fig. 2 compares the volumes of urine, calculated in the way described, passed by the African and British children/kg. per 24 hr. Only 10 of the African children had urine volumes below 50 ml./kg., whereas 30 of the British children had volumes in this range. 7 of the African children passed over 150 ml./kg. per 24 hr., whereas none of the British children had volumes as large as this. The mean ml./kg. per 24 hr. passed by the African children was 111 + 85 and of those passed by the British children 42 ± 26; the difference is highly significant (p < 0 001). (1*9-7*8) (3*0-7*6) (3 *3-5 *4) (1*13-5 *9) (0*3-4*4) (0 53- 7 23 (1 7-16*8) (3*1-22*0) (2*5-24*3) (4*0-14*8) (15*2-72 0) (7*9-62 0) (202-46*8) (10*5-36*5) .~~~~~~~~~~~ African children between 0-1 year, 2 between 1-2 years and 1 more than 3 years, who were receiving supplementary foods from the M.R.C. Unit, have been omitted in constructing this Table. The mean osmolar concentrations of the urines of the African children (also shown in Table III) were lower at all ages than those of the British children and much lower in the two youngest age-groups. The mean concentrations of the urines of the British children are distinctly high by what is reckoned to be normal for young children, and the highest individual concentration, 1214 mOsmol./kg., is remarkable (McCance, Crowne, and Hall, 1969) . The African children in all the age-groups excreted less urea/kg. per 24 hr. than the British children did, and the differences were statistically significant (p < 0-001 for all age-groups). The means of the calcium excretions of the African and British children were much the same up to the age of 1 year but thereafter those of the African children steadily declined, whereas those of the British went up, and over 3 years of age the African children were only putting out 0 08 mg./24 hr. against the 2 09 mg. excreted by the British children.
The mean excretion of phosphorus by the African children was much less at each age than that of the British, and ranged from about 220/ to about 50% of the latter. Both ethnic groups appeared to excrete about the same amount of sodium and magnesium/kg. per 24 hr., but the African children excreted considerably more potassium as judged by the means and ranges in the age-groups over 1 year of age.
Discussion
The validity of the method we have employed depends upon the assumption that the rate of excretion of creatinine-as of other 'endogenous' substances such as hydroxyproline (Howells, Wharton, and McCance, 1967; Younoszai et al., 1969) -varies little, in most people, throughout the 24 hours, or from one day to another (Folin, 1905; Borst and De Vries, 1950; Stanbury and Thomson, 1951; Thomas, 1959) . Within recent years, however, this has been questioned. Brod (1964) suggested that the excretion of creatinine had a circadian rhythm. Edwards, Bayliss, and Millen (1969) claimed that variations from day to day made it useless as an index of the completeness of a 24-hour collection of urine (Folin, 1905) . Zorab, Clark, and Harrison (1969) agreed and added, without referring to Brod (1964) , that there were considerable variations from time to time within the 24 hours. Chattaway, Hullin, and Odds (1969) found the 24-hour excretion to be correlated with the exchangeable potassium in the muscle mass, to depend to a small extent upon the intake of meat which Folin (1905) had recognized many years before, and, in a few people, to vary with the volume of urine. Variations from person to person were well known to Folin (1905) and those within a 24-hour period must be due to variations in the glomerular filtration rate to which none of the last three papers refer, and about which there is now a vast body of evidence. Such variations in creatinine excretion, however, i.e. those within a period of 24 hours, are certainly small compared with those of the end products of the metabolism of substances of 'exogenous' origin or of those with large circadian rhythms. The daily excretion of creatinine may not be constant enough co tell whether all the urine in one of a series of 24-hour collections has been complete (Folin, 1905) , but it seems probable that the average results for a group are likely to be quite accurate enough to allow them to be used as an index of the endogenous metabolism of the group, and thus to compare the excretion of substances of exogenous origin by that group with those excreted by another. Since by arrangement, however, all the urines were collected at the same time of day, there may well be an error in the calculated 24-hour excretions of sodium, potassium, and other substances with circadian rhythms, but the error will apply equally to both groups and will not vitiate their comparison.
It appears, indeed, from the present results and considerations, that the method employed is probably quite accurate enough to enable satisfactory comparisons to be made between groups of individuals eating two different diets, and it could be extended in various ways. The excretion of ammonia, titratable acid, amino acids, and other substances might be investigated in this way also, and if the diets of one of the groups were accurately known and had been standardized, the method would have greater potentiality.
High osmolar concentrations in the urine might well have been expected in children living in tropical countries like Uganda and lower ones in children living in temperate climates such as Britain. The reverse was the case, and the findings call for thought. The explanation must lie in the fluid intakes of the African children being much higher than those of the British, and this is in turn probably due to a surprisingly large intake of sweet tea and a diet which contained much more water. In expeditions to a number of villages, one of us (E.M.W.) did her best to find out how much water and tea the young children in 18 families drank in the course of the day. Mothers were questioned through an interpreter and the volumes of the drinking vessels measured. Her conclusions were that the younger children drank an average volume of 560 ml. tea and that the range was 240 to 1080. Even the toddlers had free access to the water pot, so it was not possible to get much idea of their intake of water as such.
The small amount of urea excreted by the African children must mean that they were eating less protein than the British and at the younger ages the figures suggest that they were probably only getting a third to a half as much. If one assumes that the nitrogen excreted as urea accounted for 65% of the total urinary nitrogen of the African children (Whitehead and Matthew, 1960) , and if one adds 20% of this total to it for nitrogen excreted in the faeces and nitrogen used for growth, one can calculate the protein intake of these African children. If, owing to their much larger intake, one assumes that urea accounted for at least 80% of the total urinary nitrogen of the British children, and that it would be proper only to add 15% of this total to it for nitrogen excreted in the faeces (Macy, 1942) , and for nitrogen used for growth, one can do the same for the British children. Table IV sets (Adams and Berridge, 1969) with the thinnest portion of the shaft (Bonnard, 1968) . The small quantities ofphosphorus being excreted by the African children can be explained in terms of their diets. Before 1 year of age the African children were getting mainly breast milk, the British ones cow's milk and cereals, both much richer in phosphorus than breast milk. After 1 year of age the African children were being, or had been, weaned on to matooke and a variable amount of sauces to go with it. The former would have contained very little phosphorus and likewise the sweet potato and cassava. The British children were no doubt being given meat, fish, cow's milk, and cereals, all of which contain much more phosphorus.
